


Figure 1. Corridor Facility, with Dimensions 
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Figure 1 shows the corridor facility used in theSe 
c)xperiments. The corridor is 30 feet long by 8 feet 
\ t r i c k  by 8 feet high, ~v i th  provisions having been made 
to increase the width up to 12 feet and the height to 
9 fcet. Th t  adjustable width and height will permit 
examination of several aspect ratios. A doorway 6% feet 
high hy 30% inches wide located in the side wall at the 
rear end of the corridor connects the corridor to an 
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Figure 3. Corridor Floor Sensor I,ocatior~s 

eight-foot-square-by-nine-foot-high "burn room" wherc 
all the fires are initiated. Tn7o 14-inch-by-6:;-inch Lmts 
are located near floor level on opposite n~alls of the 
burn room, to simulate air ducts into a room. There arc' 
two access doors located at the approximate cmtcr of 
the corridor length. At the far end of the corridor thcrc. 
is an exit uindow 70?i inches high by 41% inches wide. 

The corridor is situated in a brick building, with onl\r 



the exit window connected to the outside. Air-condi- 
tioning equipment provides air flow for material con- 
ditioning and for controlled draft whenever forced flow 
is desired. The unit is capable of supplying a maximum 
air flow of 7,500 cubic feet per minute at 75°F with 
the relative humidity at 30 per cent. The basic con- 
struction of the corridor walls and ceiling is %-inch- 
thick Type X gypsumboard attached to a superstriic- 
ture of metal studs 16 inches on centers. Between the 
studs are t\vo-inch-thick glass-fiber batts for insulation. 
When it is not covered with some other material under 
test the exposed gypsumboard surface is painted ~ i t h  
a fire-retardant paint. The floor is of brick laid on sand. 
A wood frame placed on the perimeter of the floor is 
used as a base for a tacking strip for laying carpet. A 
plywood or asbestos cement subfloor is placed over the 
brick \vhen desired. The ceiling and flooring materials 
to be tested are then attached, respectively, to the g > p  
sumboard ceiling and to the subfloor. Table 2 sholvs 
some of the ceiling and floor materials used in the ex- 
periments. 

hleasurements were made of temperature, velocity, 
total radiation heat flux, the weight loss of burning com- 
bustibles, smoke density, continuous gas analysis, and 
batch gas sampling. Also, 16mm color motion picture 
coverage was provided by both stationary and roving 
cameras. Figures 2 and 3 show specific sensor locations 
in the corridor and the burn room. 

Chromel-alumel thermocouples ( 0.020-inch-diam- 
eter nyires) were placed at 65 locations in the corridor 
and the burn room, as Figures 2 and 3 show, Thermo- 
couples on the material surfaces provide information 
on surface temperature and can also be used for sirn- 
plified heat conduction calculations. Six thermocouples 
placed at the exhaust windo\v and eight thermocouplcs 
at the burn room door provide temperature profiles 
for convective energy transport calculations. Two ver- 
tical strings with eight thermocouples placed one foot 
apart hang from the corridor ceiling center line at the 
10- and 20-foot stations, measured from the end of the 
corridor near the burn room. These thermocouples pro- 
vide temperature profiles as well as information on 
convective heat transfer. Thermocouples are placccl 

apart on floor-lining surfaces and one inch above the 
floor, to prmride floor wrface temperatures and flanic. 
spread i n f o r m  at i on. Th e r ni ocou p les a lon g the co rrid or 
ceiling siirface center line give information on heat 
conduction and flame spread and are used to calculate 
approximate ceiling radiation levels. 

TIigh-temperature stainlcss steel pitot tubes wcrc 
mounted horizontally at the exhaust \ v i n d o ~ ~  and at the 
lm-n room door, to providc horiTonta1 velocity profile\ 
and information on convecti\-e heat transfer. The 

e along the corridor floor center line spaced eight fcc,t 

’ 

pr(’ssure (ti ffcwnces were measured l y  using variable 
rc>luctancc transducers with a full-scale range of one- 
inch Ivater pressure. 

Four urood cribs, each weighing approximately 43 
pound$. represented the fire load in the burn room. The 
v eight loss of a burning crib was measured l ) > r  a 500- 
pound-capacity strain gage load cell supporting a 
Lveighing platform. Moving the load cell to cribs lo- 
cated at different positions in the burn room demon- 
strated that the rate of weight loss of each crib did not 
vary significantly with respect to locations in the bum 
room. If all the cribs for a given test have the same 
la-tight loss history as the centrally located crib, the 
total mass burning rate can be obtained. 

A maximum of five radiometers were used to meas- 
I I I Y  r-tdiiction and heat flux, one located at the corridor 
soiith \t .ill facing the bum room door, four located 
dong  the corridor floor center line at intervals begin- 
iiing \vith the one-foot-eight-inch station from the cor- 
ridor \vest end. They were positioned facing up toward 
tlic cseiling, to measure the radiation exposure at the 
floor 

Smokc measurements were made by gas-sampling 
and light obscuration. Two gas-sampling techniques 
werc u ~ c d  to assess the corridor atmosphcw cltiring the 
tests: ( 1 ) continuous measurements of oxygen, carbon 
nionoxidc, and carbon dioxide conccmtrations and ( 2)  
grab samples collected in pre-evacuated two-liter flasks 
for laboratory analysis. The sampling for contiriuous 
j+is analysis \\’as made 22 feet down the corridor and 
six inches below the ceiling center line. The grab 
wnples \ryere taken 22 feet down the corridor, at eight 
ftlet, sewn feet, and four feet from the floor. An effort 
n‘as macle to collect the gas samples just before full 
flxit. in1,olvemeiit occurred or during the worst part of 
t h t~  fire. Laboratory analysis of the grah samples was 
done by using infrared absorption. In some cases mass 
spectrometric analyses were also performed. 

Obscuration measurements by light beam and photo 
cell sctups were made at three locations in the corridor 
- tn-o horizontal measurements 22 feet donm the cor- 
ridor at scwen-foot and four-foot heights and one vcr- 
tical mca\iirement at the exit end of the corridor. 

Summary of the Pha5e 1 Experiments 

I n  all the tests conducted 50 far, the corridor \ v n l l ~  
ive 1-6 lined IV i t h gyp 511 m b o ar d and t h e corridor cross - 
section was eight fect b y  eight feet. Cribs made up of 
fir sticks measuring 1% by 1% inches in cross-section 
and 15% inches in length Lvere used as the fire energy 
source in the burn room. Before each test the c r i h  
wcre dried to ;I moisture contrmt of approximately 10 
per cent or 1 ~ ~ s ~ .  Thc fire load \\’as ~tanclardircd to foiir 
cribs, each Lveighing approximately 43 pounds, yielding 
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TEST 339 TEMPERATURE PROFILE AT EXHAUST 

TEST 339 VELOCITY PROFILE AT EXHAUST 

Figur-e 4.  Temperature and Velocity Profiles at Exit \.f7inclo1r. 

TEST 333 TEMPERATURE PROFILE AT EXHAUST 

TEST 333 VELOCITY PROFILE AT EXHAUST 

F-igi1I-e 5. Telnperature and I’elocity Profiles at Exit If’intlow 
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Table 1. hlaterial Description a fire load of 2.7 pounds per square foot of b u m  room 
li o c xi) I oratory exp e r i m e n t a1 res 11 1 t s indicate t? 

tlicit for the particular corridor configuration a fire load- 
ing of three 43-pound cribs was probably marginal. No 
Hnrne prol’agation on the ceiling was obser\wl \\-hen 
time cribs or fewer were used in conjunction with n 
canhistilile particleboard corridor ceiling and 100- 
foot-pc~r-iiiiiiute forced draft in the corridor. 

'The corridor wiling materials uscd were gypsum- 
1 ) ( ) a r cl , fih c‘ rho a r d , a n  d part i c I e b o a r d . T h e floor i 11 g 
iiiatc.iiuls uwd were brick, carpet ( with and without 
pads ) , vinyl asbestos tile, and varnished oak. Where 
flooring othvr than brick v7as used an asbestos cement- 
1 mard siibfloor, covered with the flooring material to be 
xtiirlicd, cxten’ded eight fcct into the lxirn room. Tahlc 
2 \iiniin:ii i/cs the tests, sho\\.ing thc corritlor matclrial 
lining\ and the oliservations on flame propagation. 
Tal~le  1 describes the materials used. 

The draft conditions in the tests were produced by 
vithcr natural convection or a forced draft of approxi- 
in;\tcxly 100 fpm. The forced draft used is within the 
range of air flow encountered in corridors serving as 
return air plenums in enclosed buildings. 

;Lr P a. Descriptio ri 

E-incli T;.pe S gyp- 
sum wallboartl, 
painted with intu- 
mescent white paint 

%-inch T y p ~  X gyp- 
slim \ < X I  lharcl ,  
painted with intu- 
mescent white paint 

( 1 ) treated sitle 
( 2 )  untreated sitle 

1’a r t i c I e I a r d 102 

Ceramic ceiling ma- 
terial with tiinnel 
flame spread rating 
under 25 

Corritlor Floor 
Brick 0 Brick set i n  sand as 

basic siibfloor 
The Results 

As the NBS corridor fire program is still in an early 
\tage of development and as this article is intended as 
thc first of a series of reports on the program, only 
t!yical (lata are presented. In this series of studies Test 
339, with gypsumboard walls and ceiling and brick 
floor, is intended as the reference run for comparison 
n~ith the other tests in which the corridor contained 
combustible materials. In Test 339 no flames left the 
hurn room. During the complete 20-minute test run 
onlj- hot air, smoke, and gases moved down the cor- 
ridor. The energy transport maximized at seven minutes 
and stayed level until the crib fire started to decrease. 
?‘he hot air that flowed down the corridor reachcd a 
maximum temperature of 310°C (590°F) and a ~7eloc- 
ity of 600 feet per minute at the exit wintlow, and the 
tcw~pc~ature  and the velocity stayed constant until tlw 
c.i.ih firc st;irtcd to dccrcmcl ( sce Figure 4 ) .  

1 1 1  Test ,333 ( with gypsuu”i1)od wiling arid S:impl(b 
N o .  1 rrig ; t i i d  pnd), just 1)cforc flaming in thcl corridor, 
a t  six rniriiitcls, the maximum exit \vindo\i. tempc~r,itiirv 
and t k i c  \-elocity were, respectively, 260°C and 620 fwht 
pcr niinutc ( sec Figure 5 ) .  When the flarnc reachcd thc> 
exit window, at 11 minutes, due to flame spread 011 the 
carpet, the exit windoLv teniperaturc. and the \.eloc.itj, 
climbed sharply, to 750°C and 1,040 feet per minute, 
respectively. 

Our present work has been devoted to determining, 
by measuring the convective energy transport at tllc 
corridor exit and the energy transport a t  the corridor 

Carpet So. 1 
and  pad 

Brown 1007 acrylic 
carpet, !;-inch lo\sr 
pile, 10-12 oz./sq. 
yd.; pad, “rillher- 
ized” surfaces \\\‘it11 
jiite filler 0.46-inch 
thick 

445 
witli p i t 1  

Bliie acrylic carpet 
1/1O-S/l6-inch lo\\, 
pile, 32 oz./sq. yd.; 
pad same as above 

Gold nylon, %-inch 
low pile, pile weiglit 
20 oz . / l  yd.2 

Carpet so. Y 288-1 
iritcgratctl pat1 

64 

119 
ith pad 

1 0 9  

w/o pad 
loo? \\ool, 7/32-  
inch low pile, pilc 
weight 38 oz./ycl.-‘: 
pat1 same as aliove 

23 

%-inch high-telnpera 
t 11 re c‘eni t‘i 1 t spray c tl 
to basic cemeiit- 
block u d l s  and ce- 
ment ceiling 
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Table 2. Summary of Corridor Flame Observations 

Flameo 
lrucerse 

Time 

Corridor Test Conditiotu 
Ce ili rig Floor \Val1 Airflow Oh.~erzjatiorw Test N o .  

329 

330 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

Particle 
board 

Brick Painted 
gypsum 
board 

Painted 
b3’p s u m  
board 

Painted 
gypsum 
board 

Painted 
b‘YP5um 
ho a r d 

Painted 
gypsum 
board 

Painted 
gypsum 
board 

Fainted 
gypslim 
board 

Painted 
gypsum 
board 

Pain tc d 
gyps u 117 
board 

Pain tcd 
gyps u ni 
board 

“Cera I n a - 
gun rd ” 
board 

Painted 
gypsum 
hoard 

I’aintcd 
gypsnm 
board 

Painted’” 
gypsum 
board 

6200 cfm 

0 

0 

0 

6550 cfm 

0 

0 

0 

0 

0 

0 

0 

0 

Flame reached end of corridor 
along ceiling a t  12:OO 

(hlin.:  Sec.) 
0 0 0  

Particle 
board 

Sainple No. 1 
rug and pad 

Ceiling ignited a t  2:30; carpet 
ignited at 2:35; flame reached 
end of corridor at 2:55 

0: 25 

Particle 
board 

Brick Ceiling flame reached end of 
corridor a t  9:20; carpet 
sample at 1’8”; station 
ignited a t  10: 15 

1:30 

Painted 
gypsum 
board 

Particle 
board 

Sample No. 1 
rug and pad 

Flaming in corridor air at 
6:OO; flaming on carpet at  
7:45 

5:OO 

Sample No. 1 
rug and pad 

Heavy smoke in corritlor at 
7:OO; flaming in corriclor 
reached end of corridor at 
9:20 

0 0 0  

Painted 
gypsum 
hoard 

Painted 
gypsum 
board 

Varnished 
oak 

Corridor air ignited a t  5:OO; 
flame reached end of corridor 
at 8:50 

3:50 

NA Vinyl 
asbestos 
tile 

Flaming on floor outside burn 
room door a t  6:30; flame on 
floor spread to 10-ft. station 
a t  8:40 

Painted 
gypsum 
board 

Sample No. 1 
rug w/o pad 

Carpet near burn room door 
ignited at 7:OO; spontaneous 
ignition of carpet up to 15- 
ft. station; fire on carpet 
went out a t  8 : O O  

NA 

Particle 
hoard 

Sample No. 1 
rug w/o pad 

Flaming in corridor air at  
5:40; flaming reached entl 
of corridor at 7 : 00 

1 :20 

NA Painted 
gypsum 
11 oar d 

Brick No fire in corridor; sliglit 
charring of gypsum paper 
near burn room; air and wall 
temperatures reached steady 
state a t  approximately 7 
minutes 

“ Cera in a - 
guard” 
board 

Sample No. 3 
rug and pad 

Flames on carpet near burn 
room door a t  5:OO; flame 
reached end of corridor a t  
7:05 

2:05 

Painted 
gypsum 
l ~ o a  r d 

Sample No. 10 
( wool ) w/pad 

Flames on carpet heyond burn 
room door a t  6: 15; carpet 
fire out a t  7:34; carpet 
reignited at 8 : O O ;  fliiliic. 

reached end of corritlor at 9:30 

1:30 

Painted 
L9.p s I1 111 
board 
I’aintedOO 
gJ’pSum 
hoard 

Sample No. 9 
(nylon) w/ 
integral pad 

Sample No. 10 
w/o pad 

Carpet on fire a t  4:45; flaming 
in corridor a t  4:50; flame 
reached entl of corridor at 6:20 

1:30 

0:55 Carpet ignited at 4:30; 
flaming on corridor at 
5 : 00; flame reached end of 
corridor a t  5:55 

O Flame traverse time: time for flame to travel the whole length of the  corridor (beginning of corridor involvement to flame 
reached end of corridor ) . 

” O Not fire-retardant paint 
0 0 0  Corridor flainin g initiation not recorded 
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Table 3. Time Flame Reached End of Corridor,' hilin.:Sec. 

Floor Afotcriul  
Curpet 1Yo. 1 Carpet No. 1 t'iniJ1 Curpci N o .  3 Oak Corpet No. 10 Corpet N o .  10 Curpet NO. 9 

C c'i 1 i i  t Draft f lr ick w/o put1 w / p d  asbestos w/pad w/oarnish w/pad cu/o padl w/inteyrutsd ped 
Particle Board Natural 10:15 (33P)*O 7 : O O  (338) 2:55 (330) 
Particle Board 100 fpm 12:OO (329) 9:20 (334) 
Gypsum Board Natural ( 339 ) (337) 12:40 (333) (:336) 8:50 (335) 

"Cerama Guard" Board Natural 7:05 (340) 
Gypsum Board Na t I I ra 1 9:30 (341) 
Gypsum Board Satriral 5:55 (343) 
Gypsum Board N a t 11 r al  6:20 (342) 

Tiine elapsed from ignition to flame reaching end of corridor 
O Piuinhrr in parenthesis denotes test number 

t Corridor w.111 and ceiling painted with rubber-base paint instead ot fire-retardant paint 

Table 4. Sample Gravimetric Smoke Data 

Test Time ( Min. ) Concentration 
339 5.0 - 6.0 

9 
14 
19 

340 5.0 
7.0 - 8.0' 
8.0 - 9.0'' 

' Flame reached end  of corridor 
' ' Extinguishment 

( m d )  
0.2 
0.6 
0.2 
0.1 
0.3 

11.5 
6.0 

inlet, the incremental energy introduced by the various 
materials placed in the corridor. For each experiment 
the normalized cumulative energy ( a  ratio formed by 
dividing the cumulative convective energy output b y  
the cumulative energy input) is compared with a stand- 
ard blank test with gypsum ceiling and walls and a brick 
floor (see Figure 6 ) .  We believe that the normalized 
incremental or excess energy above the blank test serves 
a s  a good indication of the corridor fire involvement. 
Ifre are now evaluating this information for correlation 
with material properties. Figure 6 shows typical nor- 
malized cumulative energy ratio plots, giving for two 
tests the extent of the flooring contribution in terms of 
thc incremental energy ratios above the blank teqt. 
Tlicw incremcntal energies in our view represent quan- 
titatively one measure of the relative fire hazard prc- 
scmted by  the floor covering. Later experiments will ( 1 ) 
determinc> the critical level of normalized convective cn- 
ergy ratio to initiate corridor ignition and ( 2 )  evaluate 
the relative fire hazard of different corridor configura- 
tions according to the incremental energy. Therefore 
the incremental energy can serve as a means of defining 
the fire hazard of the assembly of materials in the cor- 
ridor. A scale of relative fire hazard should include the 
following considerations : 

. 

I .  The time for flame spread to the whole length of a 

2. The incremental energy output. 
3. The critical level of cumulative energy to initiate 

4. The output of smoke and gas. 
Figure 7 shows for various tests a comparison plot of 

the maximum temperatures for the vertical string of 
thermocouples in the middle of the corridor. Tempera- 
ture profiles like these will help to develop analytical 
flame propagation models. 

Table 3 summarizes the time for flame to reach the 
cnd of the corridor in various tests. We see that the 
shortest time, 2:55 minutes, was registered for Test 330, 
\vith the particleboard ceiling and Carpet No. 1 with 
pad. In Tests 336 and 337 flame propagated only part of 
thc way down the corridor. This explains the infinite 
en tries. 

Figures 8 and 9 are front- and back-surface tempera- 
ture plots for the carpet in Tests 333 and 337. In Test 
333 there was a pad beneath the carpet; in Test 337, no 
pad. One can clearly see that in Test 333 the back side 
of the carpet was considerably hotter, probably because 
of the added insulation between the carpet and the 
floor. As a result the carpet flame propagated only part 
of thc \.c'ay down the corridor in Test 337, tvhc.reas in 
Tcst 333 the carpet flame traveled the whole length of 
the csorridor. 

Tible  4 presents gravimetric smoke data collected 
for Tests 339 and 340. The particles gathered consisted 
of particulates and condensable gases, excluding mois- 
tures and vapors condensable below 150°C. The data 
clearly indicate that Carpet No. 3 contributes signifi- 
cantly to the over-all smoke level produced by corridor 
fire, as compared to Test 339, where only wood cribs 
were burning. 

corridor. 

corridor fire. 
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Qualitative Observations 

The preliminary nature of this report prec1udc.s a n y  
general summary of findings. However, from the limited 
tests conducted the following qualitative observ a t’ ions 
may be made: 

Flames propagated all the way down a corridor from 
fire in an adjoining room with 2.7 pounds per squarc 
foot burn room fire load with the following corridor 
configurations : 

Ceiling 
Particleboard 
Particleboard 
Particlehoard 
Particleboard 
Particleboard 
Gypsumboard 
Gypsumhoard 
“Cerama Guard” 
Gypsumboard 
Gypsumboard 

Gypsumboard’ 

Floor 
Carpet No. 1 with pad 
Carpet No. 1 with pad 
Brick 
Brick 
Carpet No. 1 without pad 
Carpet No. 1 with pad 
Varnished oak 
Carpet No. 3 with pad 
Carpet No. 10 with pad 
Carpet No. 9 with inte- 
grated rubber backing 
Carpet No. 10 without pad 

* Rubber-base paint 

Draft 
Natural 
100 fprn 
N at u r a1 
100 fpm 
Na t i i  ral 
Natural 
Na tiiral 
Na t 11 r a1 
Natural 

Natural 
Natural 

Flames did not propagate all the way down a corri- 
dor from fire in an adjoining room with a 2.7 pounds per 
square foot burn room fire load with the following cor- 
ridor configurations : 

CeiEing Floor Dmjt 
Gypsumhoard Carpet No. 1 without pad Natural 
Gypsumhoard Vinyl asbestos tiles N a t ur  a1 
Gyps umb oar d Brick Na t u r a1 

Table 3 summarizes the “flame reached end of corridor 
time” for the test configurations studied. The shortest 
time - 2:55 minutes - was recorded for Test 330, with 
particlctioard ceiling, Carpet No. 1 with pad on the 
floor, and natural draft. The longest time, 12:40 rnin- 
utes, was recorded for Test 333, with gypsumboard ceil- 
ing, Sample No, 1 carpet with pad, and natural draft. 

Dra\ving on the limited comparisons between Tests 
330 and 334, one may conclude that, as comparetl to a 
n : I t 11 I- a1 convec. t i on fir t‘ . a d d c. tl “ for cc d v(11 I t i I ;it i c, I 1” i t i  

tlw corridor tcmds to dr>lay corridor involvc~mc~irt, tliic> to 
faster c m q y  convcction out the r.xit window. J 10%- 
evcr. when fire docs propagate and involve the corridor. 
interior, added “forced ventilation” has the opposite 
effect, increasing fire intensity by “fanning.” 

Comparing Tests 333 and 337, one may conclude that 
thc pad bcncatli the carpet plays an important role in 
carpet surface flame six-cad. The addcd insulation from 
the pad beneath thc carpet promoted heat buildup, so 
that h w t  energ)- necessary to sustain carpet burning 
1t~a.s retained. 

The corridor fire program is being continued \vith ad- 
ditional experiments. In the future ~ v e  shall attcmpt to 
analyze critical cumulative energy input and local radi- 
ation and convective energy transfers. So far, dctailed 
energy calculations indicate that the ranking of the var- 
ious floor coverings by incremental energy jnput is not 
only feasible but also informative. A follow-up report 
on the gross energy balance model togcthcr with de- 
tailed data is currently being prepared. In addition, we 
are preparing separately a report on the results of the 
smoke and gas analyses for the experiments conducted 
so far. 

The heat transfer measurements in the corridor and 
o the r small- scale stud i c b  s in d i ca t e t h at c c> i I i n g r a (1 i a t ion 
is the dominant mode of tnc’rgy triinsfcr It\iicling to 
flame propagation on the floor. As a rcwilt, in:\thcrnati- 
cal modeling of flame propagation on carpets 1)asc.d on 
this assumption has been initiattd. 

Finally, small-scale carpet fire scaling studies are in 
progress. Analytical efforts have bccn diwcted tolvard 
correlating small- and large-scalcb rcsults in nondimen- 
sional terms. This study and other local heat transfc.r 
mathematical modeling and scaling studics will be rc- 
ported in subsequent papers. c. 
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